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INTRODUCTION

T h e  B I O S  ( B i o l o g i c a l  I m p a c t  o f  a n  Oil  Spill) e c o s y s t e m  s i m u l a t i o n  m o d e l

has been documented in several recent publications (Swan 1984, Gallagher 1984,

Gallagher and Pola 1984, Pola et al. 1985). The model was developed at the request

of the Outer Continental Shelf Environment Assessment Program (OCSEAP) as part

o f  t h e i r  e a s t e r n  B e r i n g  S e a  e n v i r o n m e n t a l  i m p a c t  s t u d y . T w o  h y p o t h e t i c a l  o i l

s p i l l  s c e n a r i o s  ( w e l l  b l o w o u t  a n d  t a n k e r  d i e s e l  spill) w e r e  s i m u l a t e d  a t  e a c h

o f  t h r e e  l o c a t i o n s  i n  t h e  e a s t e r n  B e r i n g  S e a : O f f s h o r e  o f  P o r t  Moller, P o r t

Heiden and Cape Newenham.

D u r i n g  t h e  c o u r s e  o f  t h e  s t u d y , the BIOS model  was modif ied to address

p a r t i c u l a r  q u e s t i o n s . For  example, s p e c i e s - s p e c i f i c  u p t a k e  a n d  d e p u t a t i o n  r a t e s

a n d  t h e i r  r e l a t i v e  s e n s i t i v i t i e s  w e r e  d e t e r m i n e d  u s i n g  a  v e r s i o n  o f  t h e  m o d e l

with no spatial resolution (Gallagher and Pola 1984), while the spatial and

temporal extents of “tainting” of fish were examined using a gridded version of

the model  with fewer species, b u t  i n c l u d i n g  f i s h  m i g r a t i o n s  (Pola et al. 1985).

This document descr ibes the BIOS model  concept  and presents three versions

o f  t h e  m o d e l  d e v e l o p e d  f o r  p a r t i c u l a r  a p p l i c a t i o n s . I t  i s  i n t e n d e d  t o  b e  u s e d

b y  t h e  p r o s p e c t i v e  modeller a s  a  g e n e r a l  g u i d e  f o r  a p p l i c a t i o n  o f  a  B ] O S - t y p e

m o d e l  t o  a n y  l o c a t i o n . I n  a d d i t i o n , i t  s e r v e s  a  l i b r a r y  m a i n t e n a n c e  f u n c t i o n

b y  p r e s e n t i n g  t h e  p r e s e n t  p h y s i c a l  l o c a t i o n s  ( t a p e ,  d i s k ,  e t c . )  a n d  f i l e  n a m e s

of  model  computer  source code, i n p u t  d a t a  a n d  o u t p u t  p r o g r a m s .

BIOS MODEL

Conceptualization

E f f e c t i v e  c o m p u t e r  s i m u l a t i o n  o f  t h e  i m p a c t  o f  a n  o i l  s p i l l  o n  a n  e c o s y s t e m

is dependent  upon the accuracy of f ield and empirical data. Ecosystem interactions

are complex and poorly  understood; the added stress imposed on the ecosystem by

987



an o i l  s p i  11 f u r t h e r  c o m p l i c a t e s  t h e  s

h a s  b e e n  e f f e c t i v e l y  s i m u l a t e d  b y  s u c h

Model) and DYNUMES (Dynamical Numerics”

developed by Dr. Taivo Laevastu of the

tuation. The eastern B e r i n g  S e a  e c o s y s t e m

models as PROBUB (Prognostic Bulk Biomass

M a r i n e  E c o s y s t e m  S i m u l a t i o n ] ,  b o t h

N o r t h w e s t  a n d  A l a s k a  F i s h e r i e s  C e n t e r

(NWAFC;  L a e v a s t u  e t  a l . 1982, Laevastu and Larkins 1981). General .eCOSYStem——

simulation concepts used in these models were adapted to the BIOS model.

A v a i l a b l e  i n f o r m a t i o n  o n  o i l  t o x i c i t y  a n d  t h e  e f f e c t s  o f  p o l l u t i o n  o n  f i s h  w e r e

t h e n  i n c o r p o r a t e d  i n t o  t h e  B I O S  m o d e l .

M a n y  o f  t h e  p r o c e s s e s  i n c l u d e d  i n  DYNUMES a n d  PROBUB w e r e  n o t  a p p l i c a b l e  t o

t h e  s i m u l a t i o n  o f  t h e  o i l - s p i l l  s c e n a r i o s . F o r  e x a m p l e , t h e  s i m u l a t i o n  o f

g r o w t h  w a s  u n n e c e s s a r y , d u e  t o  t h e  s h o r t  t i m e  s t e p  ( d a i l y )  a n d  d u r a t i o n  o f  t h e

B I O S  m o d e l  r u n  (550 d a y s ) . The DYNUMES s p e c i e s  c o m p o s i t i o n  w a s  a d j u s t e d  t o

i n c l u d e  o n l y  t h o s e  s p e c i e s  k n o w n  t o  o c c u p y  t h e  B r i s t o l  B a y  r e g i o n  i n  sumner

H o w e v e r , s e v e r a l  s p e c i e s  g r o u p s  w e r e  d i v i d e d  i n t o  j u v e n i l e  a n d  adult s t a g e s

t o  a l l o w  f o r  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  t o  oil t o x i n s . T h e  e f f e c t  o f  oi

o n  t h e  biota w a s  m o d e l e d  a s  a  s i n g l e - c o m p a r t m e n t  u p t a k e - d e p u r a t i o n  p r o c e s s .

N o  a t t e m p t  w a s  m a d e  t o  p a r t i t i o n  t h e  e f f e c t  o f  o i l  a m o n g  v a r i o u s  c o m p a r t m e n t s

( g u t ,  l i v e r , e t c . )  d u e  t o  i n s u f f i c i e n t  q u a n t i t a t i v e  d a t a  o n  o i l  u p t a k e  p r o c e s s e s .

A s  a  g e n e r a l  r u l e , t h e  B I O S  m o d e l  w a s  k e p t  a s  s i m p l e  a n d  g e n e r i c  a s  p o s s i b l e ,

t o  a v o i d  u n n e c e s s a r y  a s s u m p t i o n s .

S i m u l a t i o n

G r i d d e d  d a i l y  s u b s u r f a c e  o i l  c o n c e n t r a t i o n s  f o r  e a c h  s c e n a r i o  a n d  l o c a t i o n

w e r e  p r o v i d e d  b y  R a n d  C o r p o r a t i o n . S e d i m e n t a t i o n  o f  t h e  o i l  w a s  s i m u l a t e d

w i t h  a  m o d e l  d e v e l o p e d  b y  L a e v a s t u  a n d  Fukuhara  ( 1 9 8 s ) .  T h e  s u b s u r f a c e  o i l

c o n c e n t r a t i o n s  ( o i l  d i s s o l v e d  o r  i n  s u s p e n s i o n  i n  t h e  w a t e r  c o l u m n ,  r e f e r r e d

t o  a s  W S F )  a n d  t h e  s e d i m e n t e d  oil c o n c e n t r a t i o n s  (oil i n  o r  u P o n  t h e  s e d i m e n t s ,
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m i g r a t i o n  v e l o c i t y  c o m p o n e n t s ,  a n d  G and Gy are contamination gradients:
x

G x  = [c(t) - c(t) ]n ,m+j n ,m

G y =  [ C ( t )n+i ~ - C(t)n ml> s

T h e  s u b s c r i p t s  i  a n d  j  a r e  d e f i ’ ’ n e d  a s :

1 1 ,V<(l

i = o , V=o

, -1 ,  V>o

[

-1 ,U<o

j= 1
s u c h  t h a t  t h e

c o n t a m i n a t i o n

C(t+l) n,m

o ,  U = o

1 ,lJ>o

g r a d i e n t s  G a n d  Gy a r e  t a k e n  i n  t h e  “ u p s t r e a m ”  d i r e c t i o n .
x

i s  t h e n  r e d i s t r i b u t e d  o v e r  t h e  g r i d :

= C ( t )n m  -  Rxnm -  R y , n , m
* 99

C(t+l) = C(t)n m+j + Rx n mn , m+j s s>

(7)

(8)

The

(9)

(lo)

(11)

The m

t

w h e r e

s p e e d

C(t+l)n+i m = C ( t )n + i  m +  R y , n , m
9 9

g r a t i o n  t i m e  s t e p ,  t , i s  r e s t r i c t e d  b y  t h e  s t a b i l i t y  c r i t e r i o n :

U>:l < ~ ( 1 2 )

Lb: is t h e  m a x i m u m  m i g r a t i o n  s p e e d  i n  k m / d a y .  T h a t  i s ,  f o r  a  m i g r a t  o n

of 15 kmiday and grid spacing of 2 km, t < .13 days.

COMPUTER PROGRAMS AND DATA FILES

F i l e  N a m e s  a n d  L o c a t i o n s

C o m p u t e r  F O R T R A N  s o u r c e  c o d e s  f o r  all t h r e e  m o d e l  v e r s i o n s  r e s i d e o n  d i s k  a n d

t a p e  f i l e s  o n  t h e  N o r t h w e s t  a n d  A l a s k a  F i s h e r i e s  C e n t e r  (NWAFC)  B u r r o u g h s  B7800
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compute r. All B I O S  f i les  a r e  s t o r e d  u n d e r  u s e r  c o d e  REFM0250. Disk  f i l e s  a r e

located on the TYVO pack and tape files are located on tape number 4857. T h e

f o l l o w i n g  a r e  t h e  p r o g r a m  a n d  d a t a  f i l e  n a m e s :

Program F i l e s

PROG/BIOS/NOGRl D

PROG/BIOS/GRID

PROG/BIOS/MIGR

SUBROUTINE/PLOTR

I n p u t  D a t a  F i l e s

OCSEAP/OILCON/LOCl

ocskAP/olLcoN/Loc2

ocsEAP/olLcoN/Loc3

OCSEAP/OILCON/BLOW/LOCl

ocsEAP/olLcoN/BLow/Loc2

ocsEAP/olLcoN/BLow/Loc3

:Nongridded version of the BIOS model used to

e s t i m a t e  m o d e l  p a r a m e t e r s .

: G r i d d e d  v e r s i o n  o f  t h e  m o d e l ;  u s e s  s u b s u r f a c e

o i l  c o n c e n t r a t i o n s  (WSF) a s  i n p u t .

: G r i d d e d  v e r s i o n  o f  t h e  m o d e l  w i t h  f i s h

migrations and only two fish s p e c i e s .

: G e n e r a l i z e d  s u b r o u t i n e  t o  d r a w  l i n e  p l o t s  o f

u p  t o  f o u r  v a r i a b l e s .

: G r i d d e d  W S F  f o r  a c c i d e n t  s c e n a r i o ,  P o r t  Moller.

: G r i d d e d  W S F  f o r  a c c i d e n t  s c e n a r i o ,  P o r t  H e i d e n .

: G r i d d e d  W S F  f o r  a c c i d e n t  s c e n a r i o ,  C a p e  N e w e n h a m .

: G r i d d e d  W S F  f o r  b l o w o u t  s c e n a r i o ,  P o r t  Moller.

: G r i d d e d  W S F  f o r  b l o w o u t  s c e n a r i o ,  P o r t  Heiden.

: G r i d d e d  W S F  f o r  b l o w o u t  s c e n a r i o ,  C a p e  N e w e n h a m .

P r o g r a m  L i s t i n g s

A n n o t a t e d  F O R T R A N  s o u r c e  c o d e s  f o r  t h e  t h r e e  B I O S  m o d e l  v e r s i o n s  a n d  f o r

t h e  p l o t t i n g  s u b r o u t i n e  a r e  l i s t e d  i n  t h e  f o l l o w i n g  p a g e s . A n  e x a m p l e  o f  a

p l o t  g e n e r a t e d  b y  t h e  p l o t t i n g  s u b r o u t i n e  i s  g i v e n  i n  F i g u r e  1 .
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referred to as TARS) were

were performed with a dai

u s e d  a t  e a c h  l o c a t i o n  f o r

used as input to the BIOS model. M o d e l  c a l c u l a t i o n s

y time step a t  each gr id  point . A 32 x 34 grid was

the accident scenario and a 50 x 50 grid was used for

the blowout scenario; in each case, 2 km grid spacings were used.

W i n d  a n d  w a t e r  t e m p e r a t u r e s  u s e d  b y  R a n d  C o r p .  i n  t h e  c a l c u l a t i o n s  o f  t h e

oil trajectories were chosenso  as to maximize the oil concentrations in the

w a t e r . T h e  s e l e c t e d  c o n d i t i o n s  c o r r e s p o n d e d  t o  t h o s e  t y p i c a l  o f  A u g u s t .  T h e

f i s h  s p e c i e s  w h i c h  w o u l d  b e  e x p e c t e d  i n  A u g u s t  a t  e a c h  l o c a t i o n  w e r e  t h e n

determined (Fukuhara (1985), and fish biomasses over each grid were estimated

(Gallagher and Pola 1984). Biomass was assumed to be equally distributed over

a l l  gr id  points , d u e  t o  i n s u f f i c i e n t  s p a t i a l  r e s o l u t i o n  o f  t h e  d a t a  (Pola

e t  a l . 1 9 8 5 ) ,  a n d  w a s  k e p t  c o n s t a n t  o v e r  t h e  s h o r t  d u r a t i o n  (~50 d a y s )  o f——

t h e  s i m u l a t i o n s  .

F i s h  c o n t a m i n a t i o n  w a s  s i m u l a t e d  b y  a  s i n g l e - c o m p a r t m e n t  u p t a k e - d e p u r a t i o n

model (Wilson 1975). T h e  s p e c i e s - s p e c i f i c  u p t a k e  a n d  d e p u t a t i o n  r a t e s  w e r e

determined from field and empirical studies (Gallagher and Pola 1984) and

were kept constant for each species group throughout each simulation.

C o n t a m i n a t i o n  w a s  c o m p u t e d  i n  p a r t s  p e r  m i l l i o n  (ppm; m g  h y d r o c a r b o n s  p e r  k g

biomass). Contamination of 5 ppm was taken as the threshold level for

“tainting” (detectable aroma or taste of petroleum] of fish, based on available

empirical data (Pola et al. 1985). In a recent study, Teal (1977) found that.—

uptake of contaminants from the water column (through respiration or swallowing)

was approximately equal to uptake of contaminants from feeding. I n  t h e  a b s e n c e

o f  s t u d i e s  t o  t h e  c o n t r a r y , t h i s  r e s u l t  w a s  i n c o r p o r a t e d  i n t o  B I O S ;  t h a t  i s ,

u p t a k e  t h r o u g h  f e e d i n g  w a s  c o m p u t e d  a n d  t h e  r e s u l t i n g  c o n t a m i n a t i o n  w a s

m u l t i p l i e d  b y  t w o . I t  w a s  a s s u m e d  t h a t  a d e q u a t e  f o o d  w a s  a v a i l a b l e  f o r  a l l

m o d e l  l e d  f i s h  s p e c i e s , t h e r e f o r e  s t a r v a t i o n  w a s  n o t  i n c l u d e d  i n  B I O S . The
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f r a c t i o n  o f  p e l a g i c  o r  demersal f o o d  i n  e a c h  s p e c i e s ’  d i e t  w a s  e s t i m a t e d ;

c o n t a m i n a t i o n  o f  t h e  f o o d  w a s  a s s u m e d  t o  b e  d i r e c t l y  p r o p o r t i o n a l  t o  t h e

c o n c e n t r a t i o n  o f  t h e  napthalene  f r a c t i o n  o f  t h e  W S F  ( f o r  p e l a g i c  f o o d )  o r

t h e  T A R S  ( for demersal f o o d ) .

T h r e e  v e r s i o n s  o f  t h e  B I O S  m o d e l  w e r e  e v e n t u a l l y  d e v e l o p e d .  T h e  f i r s t ,

BIOS/NOGRID, was u s e d  t o  d e t e r m i n e  s p e c i e s - s p e c i f i c  u p t a k e  a n d  d e p u t a t i o n

r a t e s  a n d  t h e i r  s e n s i t i v i t i e s . I t  c o n t a i n s  n o  s p a t i a l  r e s o l u t i o n  a n d  t h e

e x t e r n a l  o i l  c o n c e n t r a t i o n  i s  p r e s e t  a s  a  c o n s t a n t ,  o r  a s  a  l i n e a r  o r

e x p o n e n t i a l  f u n c t i o n  o f  t i m e . S i x t e e n  s p e c i e s  g r o u p s  (Table ?) w e r e  u s e d  i n

BIOS/NOGRID, a s  w e l l  a s  i n  t h e  s e c o n d  v e r s i o n  o f  t h e  m o d e l ,  B I O S / G R I D .  T h i s

second vers ion inc ludes spat ia l  resolut ion  and uses  the  gr idded W S F  v a l u e s

p r o v i d e d  b y  R a n d  C o r p . a n d  T A R S  c o n c e n t r a t i o n s  c o m p u t e d  b y  t h e  L a e v a s t u  a n d

Fukuhara  ( ] 9 8 5 )  m o d e l . T h e  f i n a l  m o d e l  v e r s i o n ,  BIOS/MIGR, i n c l u d e s  f i s h

m i g r a t i o n s . A  l a r g e r  c o m p u t a t i o n a l  g r i d  ( e . g . ,  64 x 68 f o r  t h e  a c c i d e n t

s c e n a r i o )  i s  used i n  t h i s  v e r s i o n ;  h o w e v e r , o n l y  t w o  f i s h  s p e c i e s  g r o u p s  a r e

i n c l u d e d . M i g r a t i o n  s p e e d s  a n d  d i r e c t i o n s  a r e  i n p u t  t o  BIOS/MIGR.

C o m p u t a t i o n

T h e  a m o u n t  o f  c o n t a m i n a t i o n

i s  c o m p u t e d  i n  a l l  v e r s i o n s  o f  B

n  a  f i s h  s p e c i e s  ( Cf)  a t  a n y  t i m e  s t e p  ( t d )

O S  a s :

‘lco(td) (1-exp(-k2))  + Cf(td-l)eXp(-k2)Cf(td) =
k ,

(1)

L

w h e r e  C i s  t h e  e x t e r n a l  o i l  c o n c e n t r a t i o n ,  k  i s  t h e  u p t a k e  r a t e ,  a n d  ko 1 2
i s

t h e  d e p u t a t i o n  r a t e . E q u a t i o n  1  i s  a  f i n i t e - d i f f e r e n c e  a p p r o x i m a t i o n  t o  t h e

single compartment model discussed by Wilson (1975) and Moriarty (1975).
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Equation 1 can be rewritten as:

Cf(td) = c“ + CD ( 2 )

w h e r e  C,, i s  t h e  a m o u n t  o f  c o n t a m i n a t i o n  t a k e n  u p  b y  a  f i s h  s p e c i e s  a t  s i m u l a t i o n
u

t i m e  s t e p  td a n d  C D  i s  t h e

d e p u t a t i o n . T h e  u p t a k e  o f

a m o u n t  a c c u m u l a t e d  o v e r  p r e v i o u s  t i m e  s t e p s ,  a f t e r

contamination is computed in the model as:

CU= (FpBpqSF+ FdBdCTARS)  (1-exp(-k2)) (3)

w h e r e  Fp a n d  Fd are the f r a c t i o n s  o f  p e l a g i c  a n d  d e m e r s a l  f o o d ,  r e s p e c t i v e l y ,

i n  a  s p e c i e s ’ d i e t ,  6P  a n d  Bd  a r e  t h e  p e l a g i c  a n d  d e m e r s a l  bioconcentration

f a c t o r s ,  a n d
~SF and CT*RS a r e

t h e  napthalene f ract ions of  t h e  o i l  c o n c e n t r a t i o n s

i n  t h e  w a t e r  c o l u m n  a n d  i n  t h e  s e d i m e n t s ,  r e s p e c t i v e l y .

All versions of the model were run for up to 50 days. The oil concentrations

provided by Rand Corporation were computed for 10 days in the accident scenario

a n d  f o r  15 d a y s  i n  t h e  b l o w o u t  s c e n a r i o . A t  t i m e  s t e p s  g r e a t e r  t h a n  t h o s e  l i m i t s ,

t h e  o i l  c o n c e n t r a t i o n s  i n  t h e  w a t e r  column f o r  t h e  g r i d d e d  m o d e l  v e r s i o n s  ( B I O S / G R I D

a n d  BIOS/MIGR) w e r e  d e c a y e d  a t  a  c o n s t a n t  r a t e :

WSF(td)n m = WSF(td-l)n,me
- k

*
(4)

w h e r e  a  d e c a y  r a t e  ( k )  of 0 . 3  w a s  e s t i m a t e d  f r o m  t h e  R a n d  d a t a .

M i g r a t i o n s  a r e  s i m u l a t e d  i n  BIOS/MIGR b y  t h e  a d v e c t i o n  o f  c o n t a m i n a t i o n  t h r o u g h

t h e  e n l a r g e d  g r i d , k e e p i n g  b i o m a s s  c o n s t a n t . T h e  a m o u n t  o f  c o n t a m i n a t i o n  l e a v i n g

g r i d p o i n t  (n,m) i n  t h e  x - d i r e c t i o n  i s :

R
x,n,m =  (Gxtl Ul)/L

and i n  t h e  y - d i r e c t i o n  i s :

R = (Gyt]Vl )/L
y,n, m

(5)

(6)

w h e r e  t  i s  t h e  m i g r a t i o n  t i m e  s t e p , L  is  the  gr id  spacing,  U  and V  a r e  t h e

993



Table 1 . - - S p e c i e s  g r o u p s  i n  t h e  BIOS model.

No. S p e c i e s

7
8
9

Jo
11

H e r r i n g
H e r r i n g
po] lock
Pol l o c k
P a c i f i c
H a l i b u t
Yel lowf
O t h e r  f
Y e l  l o w f
O t h e r  f
P a c i f i c

j u v e n i l e s
adul ts
juveni les
a d u l t s
c o d  j u v e n i l e s
j u v e n i l e s
n  s o l e  j u v e n i l e s
a t f i s h  j u v e n i l e s
n  s o l e  adults
a t f i s h  a d u l t s
c o d  a d u l t s

12 K i n g  a n d  B a i r d i  c r a b  j u v e n i l e s
13 King  and Bairdi crab adults
14 Mobile epifauna
15 Sessile e p i f a u n a
16 I nfauna
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PROG/Bl OS/GRl D

CFSNCE lJIt ccNCENJFdTItlhS FR!IP PFE TO $PM
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c
c
c
c

c
c
c
c
c.
c
c
c
c
c
c
r.
c
c
c . . . . . . . . . . . -...-0--- -------- -------- ---------------- ----s~-. ------s- s--

c
c SET tRh:lMuTS
c

RAC=C.C1745329
ALP=3a.*FAo
GKAP=17:.*RAO
VALCd=Ct:tAtP*K-GKAPl
FRCNAP=.541
FRCNAI)=.1O
BCFPEL=37C.
13cFTEYl=l?u* 1003
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PROG/B  I OS/M I GR

c

c

c

c

c

c

c

c

c

r--

:

c

c

c

c



cL=2C00.
TAT TIKE STEP 3$ H5URS
TAT=Z4.
TD=2C.
T=LL*144C.
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NEhOILCJSNP F)=OlLCON(4Sh*H 1
Slth*H3=CILCCR(JsN*P)

c .-.. .  .  .  .  .  .  .  .  - - - - - - -  0------- --00---- - a - - - - - - -  ------00 0------- --*----- - -

c EhC S1E8[UTINE
c .--------  - - - - - - - - - - - - - - - - - -  - - - - - - - - - . - - 9 - - - - - - - - - - - - - -  - - - - - - - - - -  -------
e*

12 CORYINLE
99 COATXWE
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c
c
c
c
c
c
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c
c
c
c
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SU13R0UTINE/PLOTR

$RESET  F R E E

SUBRC3UTINE  PUITR(IIX,13Y,X,Y,S1)

IIIMENSION  S1(4,’50),  X(5(?},  Y(14),  S 2 ( 5 0 )

DATA SIZW,SIZH/. 12,. 1135/
c
C x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
c
C SUBROUTINE T(3 IlR4+bJ  LINE PL(3TS

c

G DY I S  U N I T S  P E R  X  INCREMENT

c 13Y I S  U N I T S  PER Y I N C R E M E N T
c Y IS ARRAY OF VALUES Ft3R Y INCREMENTS
c X IS ARRAY OF VALUES OF X  I N C R E M E N T S
C S2 IS  ARRAY OF DATA TO BE P L O T T E D
C SIZW,SIZH ARE SIZES (IN I N C H E S )  O F  C H A R A C T E R  WIDTH OR H E I G H T
c
c x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
c
c THIS PLOT USES PLOTCC)MP PLOTTING PACKAGE ROUTINES
c CAN B E  ADAPTED  T!3 CALCOMP
c ALL  UNITS A R E  I N C H E S
c
C x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x

CALL  Pl_OT(&.  ,0. ,2)

CALL PLOT(C).  ,C). ,3)

CALL P L O T ( C ) .  , 4 .  ,2)

CALL PLOT(Q. ,0. ,3)
DO 10 1=1, 5(,)
C A L L  PLOT(X{I), . 1,3)
CALL PLOT{X(I),  -. 1,2)
IF(MOD( I, IO). NE..O)GO TO 10
FI=I
XX=X{I)-SIZH
CALL NUMBER(X  X,-.25,SIZH, FI,C). ,-1)
CONTINUE
Do 20 1=1, 1 4
CALL PLOT( - .  1, Y{I),3)
CALL PLOT(. 1, Y(I),2)
IF(MOD(I,5 ).NE.O)GO T(3 2(3
FI=I+IC)O.
FACT=3.
IF(FI. GE. 1000, )FACT=4.
xx=. 2+(FACT*SIZW)
YY=Y(I)-. 06
CALL NUMBER(-XX, YY, SIZH, FI,O. ,-1)
CONTINUE
D O  3 0  1=1,5(?
s2(1)=(sI(1,1)/Ioo. j*uy
CALL NEWPEN(2)
C A L L  PLOT{O. ,0. ,3}
Do 40 I=i,5c)
CALL PLOT(X(I), S2(I),2)
DO 50 1=1,50
s2(I)=(sl(2,1)/lcm.  )*DY
CALL NEWPEN(1)
CALL PLOT(O. ,0.  ,3)
Do 60 1=1,50
CALL PLOT{ X(I), S2(I),2)
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te 2e m 4t3 le 20 * 4

TIME [days]
Figure  1 . --Example of plot drawn using SUB ROUT INE/PLOTR. I n  t h i s  e x a m p l e ,

DX = (length of x-axis)/50  and DY = (length of y-axis)/sO.
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